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preraren av3GL & WG LABORATORY MEMORANDUM PRS- ..
cuseien ue. BP0 ... SEcTION...Engine Laboratory . . . — pare.. June 1966
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SUBJECT Calibration of an Orenda X1 Gas Generator for VTOL Tunnel

PREPARED BY G. G, Levy

W, Grabe

ISSUED TO

THIS MEMORANDUM [S ISSUED TO FURNISH INFORMATION
IN ADVANCE OF A REPORT. IT IS PRELIMINARY IN CHARACTER,
HAS NOT RECEIVED THE CAREFUL EDITING OF A REPORT, AND
IS SUBJECT TO REVIEW.
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Summary
An Orenda X1 engine was fitted with an industrial
type of fuel control system and calibrated in the Engine
Laboratory of the National Research Council prior to use as
a gas generator in the VTOL tunnel drive,
Operation of the fuel system is discussed and the

results of engine performance calibrations are presented.
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1.0 INTRODUCTION

An Orenda X1 turbojet engine is to be used as a gas
generator to provide power for the turbine drive to the VTOL
tunnel fan,

The engine selected from those available at WN,R,C,
(serial 3051) had run some ;00 hours since overhaul and
required a hot-end check to ensure a reasonable period of
service in the tunnel installation, During this check, 5
second-stage turbine stators and all the flame tubes were
renewed,

It was then required to test the engine and also
to check that its performance was up to standard,

2,0 Engine and Modifications

2,1 Engine and Instrumentation

An Orenda X1 engine, serial No, 3051, was installed

in No, I} Test Cell and instrumented as follows:

Parameter Measuring System
Thrust Emery cell.
Fuel Flow Potter turbine type flowmeter
Jet Pipe Temperaturs i thermocouples in tailpipe

and 3 in tail-cone, all
reading out on an A.,P.TI pyro-

meter.
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Parameter Measuring System
Jet Pipe Total Pressurs 5 pt., rake and mercury mano-

meter.
In addition, vibration was monitored by a C,®.C., pick-up
and meter.

2.2 T™uel System

An industrial type fuel system conversion kit was
suonlied by OEL to revlace the normal Orenda X1 flow control
units (see Fig, 1). The kit, which was remotely mounted on
a panel alongside the engine, consisted of the following
components :

a) Electric motor driven metering valve (Minneapolis-
Honeywell Actionator, model M930B),

b) L,P. filter.

¢c) Fuel pump stroke control., (To maintain a_constant
pressure drop across the metering valve),

d) Shut-off valve (Type 66TA Fisher diaphragm control valve),
together with a solenoid control and air pressure
reducing valve,

The metering valve gear train provided a2 timing of
120 seconds between the closed and fully open positions, thus
giving an acceleration rate compatible with the power turbine
limitations.

The shut-off valve was actuated by solenoid
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controlled ports that connected the diaphragm chamber either
to atmosphere or to the suvply air pressure according to
whether "close" or "open" was selected, Rapid closing of
the shut-off valve at any engine speed was an essential
requirement because it was an integral part of the automatic
emergency shut-down procedure,

3,0 Engine Operation

3,1 Tuel System Operation

Engine starting with the industrial type fuel
system was excellent, It was possible to light<=up at a lower
fuel flow than is normally provided by the flight fuel control
system; and to accelerate to idle speed without exceeding a
jet pipe temperature of 500°C.

The operation of the diaphragm shut-off valve was
not satisfactory when the system was set up according to the
schematic supplied by OEL; because, even at idle flows, it
failed to shut-down the engine., Investigation showed that
with the maximum recommended spring pre-losd, a fuel pressure
of 1ittle more than 1,000 péi would 1ift the valve from its
seat,

Reference to Pig., 1 will show that the engine
driven high pressure fuel pumps were not provided with a by-
rass and hence relied on their internal relief valves to cater

for the stallied condition, These valves are normally set to
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relieve at a pressure of about 1,800 psi, Thus, when the
shut-off valve was energized, the pump outlet was momentar-
ily closed off completely, and the pump output pressure tended
to rise to the relief pressure. As soon as the h.,p., pumps
reacted to this condition, an equilibfium state was reached
at a line pressure (measured) of about 1,600 psi. with the
shut-off valve cracked open sufficiently to keep the engine
speed very close to idling.

This problem was remedied by moving the high pressure
sensing point for the pump stroke control from upstream of
the metering valve to upstream of the shut-off valve (as
drawn in Fig. 1), With this configuration, the pump stroke
control would sense a greater-than-scheduled pressure drop
when the shut-off valve was closed and reduce the pump stroke
to minimum or zero flow,

3,2 Performance Calibrations

A datum performance calibration was made after
trimming the final nozzle to give a jet pipe tempverature of
715°C at 100% rpm. A further calibration run was made with
the 8th stage compressor bleed operating but restricted to
a flow of about 0,85 1b/sec, at L0 psia. The results of
this run are plotted in Figs. 2, 3, L and 5, giving jet pipe
temperature, fuel flow, jet pipe total pressure and thrust

as functions of engine speed. The points from the datum
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calibration are also plotted on these curves and indicate
that the bleed has a negligible effect on performance,
Average engine performance figures, taken from Orenda report
AVR-PFRF-18l, are shown on the curve sheets for comparison,

1,0 Conclusions

Lol Checks with a standard size final nozzle have
demonstrated that the serigine performance is normal for an

Orenda X1,

.2 The fuel system as provided was not satisfactory
because the shut-off valve failed to stop the engine, Re-
arrangement of the pump stroke control lines eliminated the
trouble ,

b3 The industrial type fuel system operated satisfac-
torily over the range of conditions encountered during these

tests,




1O V.A.C.

INCREASE _—DECREASE T0 CONTROL‘ ENGINE SHUT-OFF
SPEED K\ d SPEED PANEL L’(_ RELAY
-® & © & — IIOV.AC.
TRIP SWITCH
FUEL SHUT-OFF
FUEL SHUT-OFF /—VALVE SOLENOID
VALVE
FUEL METERING é; AlR
i B E—
VALVE-ELECTRIC = _ -g’ —
MOTOR DRIVEN | ¢ ' AIR PRESSURE
e REDUCING VALVE
TO FUEL DISTRIBUTION FUEL PUMPS FUEL
SYSTEM ONENGINE ! >
| FILTER
|
| PUMP STROKE
ORIGINAL ' CONTROL
CONNECTION |
|
|
e o e i

BLOCK SCHEMATIC FUEL SYSTEM
(MODIFIED FROM ORENDA DWG. CSK 592)

I 914




EEE

B

PR
f l

{

| NOVHYD

|

}
i

prbpe

Ly ted

fda¥ o Tvidaiseant ||

S N W |

Al o ..¢I|M1_”-|h1.|..hn-1..“...- . -

||..|.L[[Et|.|..._.!.l|||| | .4.
} ] i i ~ I
i | ! |
’ i | {

i

110 MAZGH Wee |

1
H
1.i
+
1

f

N

o
o

AN DR AL L

o]

Q45 o/
o
o

LR PR

.

AND | 28| pgig |

BLEED
i
|

:pssog_

| | 1
4T

T

l
f
|
. 'Q'!.S o

- A ._.|.
Sy .
il

g =1

o el
= 5
F ===t
Bt |
| |

Rers

THC_VIIAWNAL

300 1

| -...m 1 | : "
. M 4 s pre :
S i | e s | 3  EE N M it M R |-
u &t i ” bt 38 ] : & i
_m.- mﬂlh 1 _ T _ 1 “ M 1 i
i3 O | N P e T R m ek _
...w.l-F ! o s S e s e s e i,
s] mwrn.r__., ! 1 \ & i ! | ; ! i __ i
T AT ERE S | N R A e R R
R i R B e T A _ N
s b g .‘ . L_ | | \A m\. l\mr S 0 FI0) 5 N G QR 0 200 W00 ‘Wisgr\ f B
A e B B
oWl SRIE Jat petel TR A | | “ b
ar =i A LR + | | | T
ul L w : 4 | B ¢ i i i i :
Nw l..m...v‘ S S lA.lI.:\.lTl.NR.IIT SR e o s e o = ) L A (!
! i i | i i i =
B 0 3 . St Rt Ml R O “ i I S <]
of 1% |1 I R T TS R W, S EoaE: _
E3 55 ) B R N PORRY . AE SEasy o) EARNE Lo RS LAY it B CY Rx R 2,
,. il ,T \A._ el 1] ”
x < e A m
et U ) TS S N . o A S S . S | - L .
lﬁ ; W‘
| A 1 i

Ao

FiG. 2

SPEED

ENGINE



IR RO R e o | m

N
—~4

O_P_E.u%n_a{

M

]

i
4 :
. ..,ﬁ. S

TViaLSHON

I S S— ——— e e

e 1 -
S . H
" "tk |
2 1 ik 3 ;
-t § i :
i- i b i
1 i -1 i
T | ] {
i | i-
PR , !
e o i ) el

=

joo

Y
/

sec . | :

|
4
i
|

b

_SPEED

i

i
-
t
1
1

| gss 1

¥ s o

. ENGI

Vi{ :

| compeebsor | mieep

3o

NG

E|

REE

I I BRI SR | | _"
- .||||..|... —t .nl.li.il.l N " 11t —t - S e T - ..“.i e et e e S
R A S ] Y| B e I 7! R : Lo _ | _ﬂ __
m S0 LR R -+ Of S0 2. i e R 500 NI SLL LN (TN S .
i | ! o 1 1 1 | i i
| # i S A e B2 i i ! : ;
BN TEOE 1500 NG L WO LG W] S SO T ! L LSO S SN W SO S T . RS
- BN RN i B | m, .m
S S SRS Tt SUN ST g WL ETIICE £5- LI S T B bl .
SR A N N k. N : S i bor o b R
I b i i ey i ) g et f- oyt Bop i f o b
o | | | i _ T e e r T _
_ ” | _, ! V | — | , g _
_‘ - 1.“ - B + ﬂ T i ' AT N ; o - ; 1
! { “ i “ m , ! i i ! ;
: 2o .|m.. r— St T S i + = L ]I..i_,l.l = ﬁ T S . - = fes
: i : 4 it o e -
_m _ i “ ,. | , i ; _
- 4 L el i m i i i m
8

FIG.3

SPEED

ENGINE




I “_
_

i
]

K
LY UL

b +_Z_+ 29%0_{

s e o e e e i e

L g
._S,u*rnanz:

* A N
11“..1 m.r

B TS Sy SR TR

i 1
et i
et B

T - .
|

R

FOR

e
B

| %

- .IHMJI.. ' e
.‘J - 1 a: hu Gy .q wu
=4 L _ L o4 . 2ad
I S O RN ekt AR MR . ;
e A e e e T T T T ==
e m =0 w e sl |
| i e .
bt ¥ i M
. JURS .00 NS WM P2, Head ||lmr|.-| SE. TN A RO L [;mf‘l
i 2 ik b : i3 5
] bR L |
3L | E | ey ' ; N
S i s v 0 M [ AN I
D | . . L LS SV S L
A" B Y AL i ke ok SN Ui G N NN o T, DY
_ e T | i : W
| | SR T o= | o oo
{ ! b m1% , ! o P M
_ _ - _ | :.. - ! r\%m .g ,r M |
[~ i Soepey’ 0 . ‘s e B0 R B
i 0 o
o]

E

i 4 ) WECSE S
R TR e i .
BTN B A
Lo a8 -
I a2
i i . | | _.r_ :
] R
G R G L D I
_ L. | W 1 _ i

| COMPRCSTOR  BLEED

AT 95 % BPM AND

— et

f |

ﬁ !
I 1

i . !

- T

H

) _

__BLEED

. Ne

SRS, dﬁ

AVERAG S

[

t
[ a3

3UNSS34d

IWi.0L

ddld

40

FiG. 4

SPEED

ENGINE



-
-

T-

[

p._.t.u.:.n.‘.ﬂw 4(.%:5:.02. i
e B S ..i.ﬁlf <1 4(..1._.11.\ .;.!..}.;.icl,.lu - 11] wh!.,,:.r‘ ..|.|| ..1.4_ e Pt
o i i, = fk | ! ! Lo T s, i ¢ 1 i | ! i {
W) L - b SN St MlE e ..1_L..L#‘i L) W et i UL SCSNRIBEY =8, SO IR NGRS IO I, oG SN GO

i

o i ‘ . ' i

- - : ST - - 3 i . » .
PSS ey i1 NERRE SRR, QUG PSRN QRIS SR 5 <) ' | el e

| A

!
]
aﬂ
|
|
|-

e Y S B s o -
et ] _ P b O S i
z s i I MNEEE RIET DDV S0E o S i b I
- i ,__ 2 Rl e o | : ;
e e s _ I N AR R
i R B _— 1 b ¥ ~ A.IL....ll...w.\hs_rll..l.vl..]\ |.|Ll.ln...4,1.,lL
i i i ! ] i [Comai oy i 1 -
- e | - s Lo
oo e ¥ R P I (s R e T T !..__.I g 4
1 | i sy H -
- ; 3 _
; “ ] .ﬁ i e
" I il ’ | A
| S PIE BR Skl e A 53| [P S ooy "INPEVI. | SNNIES ! Scbstl <iehdiel s/
i i | ! | -
i { _ e i { i
| ! _ | o =
| Lo s L] [
o REEEN | £ el A
| | " i :
i e Sl S ST R LRI ST A Rt S S Stked
i F

A
b
|

SPEED.

?
[

.....

:
_PERF
t1r.3
1t
|

f%.L_FJF'ln L O.8s5 b

NS, El‘h(':ﬂ \IE.I

ST

- [THRU

FE
LA
 CAOMPRESSOR

i
|
|
|
o
i
1
|
|
f

locs c:‘/._

FiIG. S

Ll

To
SPEED

T

@o

ENGINE

|
oo - A ; kel - SRS S NS
f i i : i
! ! i ! > m
i ' H ' {
| ! 8 2 ! ) N | B! A N !
| ! | | H i
i ‘ ! i ! | -
, : ! : |
S : L L e i 1 v
i i 1 ! 1. !
i } t
A $or- O 8
i : !
! ! | i
—_— — S SR SR o e ) . -
! : ,. |
' 3 i L8 - IRPE | "
i i I I 1
{ ' i i
u i R L | B | b |
AP, 9 SPULI TR . (- . o + ' ' + + +

LSMEHL



